Abstract. We present a novel approach to the safety controller synthesis problem with partial observability for real-time systems. This in general undecidable problem can be reduced to a decidable one by fixing the granularity of the controller: finite sets of clocks and constants in the guards. Current state-of-the-art methods are limited to brute-force enumeration of possible granularities or manual choice of a finite set of observations that a controller can track. We address this limitation by proposing a counterexample-guided method to successively refine a set of observations until a sufficiently precise abstraction is obtained. The size of the abstract games and strategies generated by our approach depends on the number of observation predicates and not on the size of the constants in the plant. Our experiments demonstrate that this results in better performance than the approach based on fixed granularity when fine granularity is necessary.
Introduction
Controller synthesis, both in the discrete and in the timed setting, has been an active field of research in the last decades. The timed controller synthesis problem asks to automatically find a controller for an open plant such that the controlled closed loop system satisfies a given property. It naturally reduces to the problem of finding a winning strategy for the controller player in a two-player timed game between a controller and its environment (the plant). This problem is well-understood for the case that the controller can fully observe the state and evolution of the plant. In reality, however, this assumption is usually violated due to limited sensors or the inability to observe the internal behavior of the plant. The controller must therefore win the game under partial observability.
The timed controller synthesis problem is undecidable under partial observability [2] . All known synthesis algorithms therefore rely on some a-priori restriction of the problem, such as fixing the granularity [2] of the controller by restricting the constants to which clocks may be compared to in the controller to integral multiples of 1 m , where m is a predefined constant, or fixing a template for the controller [9] . Alternatively, one can predefine the observations of the controller [4, 3] , which amounts to providing a finite set of predicates over the locations and clocks on which the strategy of the controller may be based. How to efficiently find these observation predicates is an important research question, the only known approach being the brute-force enumeration of all possible granularities (1, In this paper, we present the first systematic method for the automatic synthesis of observation predicates. Before we describe the approach in more detail, let us clarify the role of the observation predicates. Figure 1 shows, as a toy example, the model of R. Dimitrova and B. Finkbeiner
Fig. 1. Example of a partially observable plant for a production system. For readability we have omitted the kick1? and kick2? transitions from all other locations leading to location End.
a production system. The goal is to kick a box from a conveyor belt using a piston, before the box reaches the end of the belt. The locations On, Producing 1 , Producing 2 , Sensed 1 , Sensed 2 , Piston 1 , Piston 2 , End and Off of the plant indicate the position of the box on the belt. The plant produces two types of boxes, where producing a box of type 1 takes between 4 and 6 seconds and producing a box of type 2 takes between 7 and 8 seconds. However, regardless of its type, the box arrives at the respective location Piston 1 or Piston 2 between 9 and 10 seconds after the start. The goal of the controller is to avoid location End. For that, it has to execute the correct kick 1 ! or kick 2 ! action at the right time, namely when the box is in the respective location Piston 1 or Piston 2 . The challenge is that locations On, Produce 1 and Produce 2 are indistinguishable by the controller, and so are locations Sensed 1 , Sensed 2 , Piston 1 and Piston 2 . The controller can only detect the presence of a box via a sensor (i.e, it observes the box entering locations Sensed 1 and Sensed 2 ) and use timing information to determine the time-frame in which the box is in location Piston 1 (or Piston 2 ). It cannot observe the clock x of the plant, but has its own clock y that it can test and reset. A solution to the synthesis problem is to use a clock y in the controller and activate the piston when y = 21/2, thus ensuring that the End is never reached as the box is guaranteed to reach location Piston 1 or Piston 2 in 9 to 10 seconds after it is sensed and remains there at least until y = 11. Additionally, in order to activate the correct piston, the controller needs to distinguish the type of the box. This can be done, again using timing information, by checking whether or not the box has been sensed by time y = 7. In order to find a correct controller, we thus need two observation predicates: y = 21/2 and y >= 7. Clearly, both predicates are necessary: if the controller only observes one of them or only some other predicate, say, only y = 30, then it is impossible to enforce the specification. Note also that two predicates play different roles in the control strategy. Predicate y = 21/2 identifies a particular point in time (out of the infinitely many) in which the controller may choose to take an action, predicate y >= 7 identifies an observation that is needed in order to be able to decide on the right action. In the following, we distinguish these two types of observation predicates as action points and decision predicates.
Our method works by successively refining a finite set of observation predicates based on the analysis of spurious counterexamples. The key is to use timed games with fixed observations as sound abstractions of the original timed game under incomplete information. Our method builds on the classic CEGAR loop, where one successively
